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SUMMARY
=

yA double field mill 4s described which, when placed
at 8 point above the earth's surface, is automatically
brought to the potential of that point and registers the
potential and the potential gradient, Two sush instru-
ments are employed to study space charge values in the
first five metres of the atmosphere.

- . Results_in fine weather indicate values of the order
of =50 pue/m3 close to the ground and values around zero
rcy 1-3 metres; the height to which the negative charge
extends Aepends upon the potential gradient and.this agrees
with the view that it is caused by {onizatiocn from radio-
active substances in the surface layers of the earth,

Comparison with rssults for space c'harge using an
Obolensky-type filter show good agreement, except when
small ions are present in large numbers,

Results 4n 1light or moderate rain show that little,
if any, space charge is produced. In heavy rain, ther
appears to be formed a space charge of around -1060 (%]
In snowlfall, epage charges of both signs are found >f
about 1500 puc/m2,
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In this work, the ratioualized UKB sysitem of units
is used throughout. The figures used were originally

prepared and numbered for another purpose, and some of

those figures sere not required here., To avoid
re-numbering r.nd re~drawing, there will be found some

gapa in the rumbering,

and 2 are used for volts,

The symbols v., %+, Ce
ampereg, coulombs and oﬂms. waile k, M, _denote 40 fi

end 10° i, The symbol u refers to 10P50nd P to 10-12,
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1:1.__Probleun Involving Svace Chargs.

By the term “space charge" is mesnt the excess of charge
of one sigh in a volume of the atmosphers. Thesre are two
; groblems in atmospheric electricity in which some progress oan
e made by investigation of the spece charge present in the
lowest levels of the atmosphere,

If the lower atmosphers hehazes as a mediwr. which 1s
uniformly ioniged, the? there should be evident an "electrode
effeot" lCse para, 2¢3) and this gives rise to a space oharge
in the loweet leveis of the aimosphere, However, this is
; normally not found and it seems that measurement of the space
4 charges present mey help to solive the problem.

- —————
Y

-~

.

" pe=
L&,
-¢.S s

.
L}
v

s

ooy

AFS

[ 1

In continuous rain, the votential gradient is usually
found to be negative and {t ha~ been ouggested that this arises
y from ne ?1ve charge produced by tha splashing of the rain at

the earth’'s surfoce, Investigatiocn ot the space sbarge near
the ground during rain can assist in uscessivg the merits of
this theory.
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Charged bodies in the atmosphere way consist of small
ions, large ions, smoke or dust particles, mist or fog
droplets or precipitation particles, A space charge oxists
when there is an excess of positive charges on these bodies
over negative ohiirges or vice versa; although it my happen
that some of the bodies enumerated above may be absent, it
is often not possible to ascertain that the space charge io
concerned only with cne class,

It 18 possible to divide egace charges into two general
classes; tge first, which we shall term primary space charge,
congerns space charges which are produced by some msturel or
artificial process at some distance from the glace of obaerva-
tion and which are ‘hen transported to this place; a simple
eznmgle is the chargg on precipitation particles, while
another 1s seén in charge clouds produced by industriel
processes, On the other hand, what we can temm secondary
space oharge consists of large and small ions, for which an
excess of one sign arises from the processes of conduotion in
the air; an example is seen in the electrode effect, To &
certain extent, the secondary space charges reside on iona

and the primary space charges on larger particles dbut this
is by no means invariably true,

2:2, _ Relotion betwoen Spage Chapge, Potentiel Grsdient

W2 can define a "quosi-static® sinte in the atmosphere,
such that an instantrneous picture of the electric oharges
in the atmosphere would always be the same, alth(ugh the
actual chcrges may be moving. If we consider th: atmos-
phere to te, electrically, orizontally stratifiel, ther the
conduction current must be vertical apd in a quasi-static
state the current density must be the snme 8¢ all levels,

It 1 13 the current density, P the potential dient
and A the conductivity, then : ’ » gra

1 = AP

Thus, 1f A alters with the level, it follows ihat P
must also alter, ’

Now, Poisson's law gives
p = - € Wy
where p 18 th: space charge density,
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3

Therefore a Adifference of conductivity at different
levels gives rise to a space charge, which is what we have
defined as a seccondary spase charge,

Considering the resistivity » =4/\, then
& = 1ir

-Ju.
€ ax
o

Integrating, there 18 a charge q per unit oross-sectional
aro: :g:veen two levels where the resistivities are ry end ry
s t

p-

2:3.__ The Electrode Bffect.

If a volume of air is ionized uniformly end then subjected
to an electric field betwsen two electrodes, it wouid, at first
sight, be expected that the potentisl grudient between the
electrodes would be and remain uniform., However, this is not
80, and in fact the potentisl graodient becomes non-uniform with,
in correspondence, a space charge,

If we consider a vregion close to one electrode, say the
negative electrode, then in conditions of uniform fonization
and uniform potential gradient, there will be a current of
rositive dons into the region from the direction of the
positive electrode and an equal current of positive ions out
of this region into the negative electrode; at the same time,
there will be a current of negative fons from the region
towards the positive electrode, but there can be no corres-
ponding current of negative 4ons into the recion unless there
is a source of negative ions at the negative electrode. 1In
the absence of such a source, there must bz more negative ions
leaving the recion thaen entering it, thus giving the region a
positive space charge and rendering the potential gradient non-
uniform. The positive space charge builds up until the non-
uniformity of the potential gradient becomes such that the
¢ifference of the positive ion currents from and to the region
becomes equal to the negative ion current from the region,

a. ser which the epace charge in the reg:on, and the values of
the potential gradients at different placee remain constant.
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This space charge and non-uniform potential gradient is
termed the "electrode effact" end has been identified in
laboratory measurements. The exact amount of space charge
and the change in potentiel gradient from the elestrode to

a point well away can be calculated if suitable assumptiions
are made in regard to the rate of production of ions and the
interactions of small ions, large ions and uncharged nuclei.

If the {dea of the elecirode effect is applied to
conditions in the atmoephere, with the eerth as the negative
electrode calculati?ns made with somgwhat ditreren? aaagmp-
tions by Schweidler (1908), Behecker (1910), Swann (1913
and Scholtz (1934) all show that the potential gradient at
4 m should be about 30 'per cen% less than 8t ground level,
wétghn cgrresponding positive space charge in the lowest metre
o e air. .

All meassurements under normal ccnditions have shown that
there is certsinly not this’difference of potential gradient
nor the sp-ce charge pred’cted. “Therefore the electrode
effect in its sinnle Yorm is not monifested in the lowest
levels of the atmosphere: Hewvevar, it is necessary to point
out that one would exgect the electrode effect to appear, as .
calculated, only if the conditions are completely undisturbed,
and there may be some doubt whether previous measurements Jo
satisfy this condition &8s closely as might be desired,
Hitherto, it has not been possiblc to measure, directly, the
potentiai gradien: above the earth's surface, and measure-
ments of the potential by radicasctive collectors introdvce
extra ionizatioz. Further, any apparatus for 4direct measure-
ment of space charge must also disturb the natusal conditions.

We can cousider the =liectrode effect in terms of the
considerations ¢ para, 2.2, If no ions can reach the
lowest regions of the atmosghere from the ground, the conduo-
tivity there must be less than higher up and so there must de
& spacc charge which is positive,

- L] -
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The electrode uffest, ns calculeted, involves the
agssumption tha: the uir 18 at rest; 4t hes therefore been
suggested that the »ceson that the eloctrode effect is not
observed is that it is obscureC by motion of the air, Ir .
there is a spacc clicrge 2nd motion of the air treneports thi
upwards, then the ccenve {ion current arising in this way must .
be taken into account in discussing the quasi-static state,
Whirple {1332) made calculations on this basis, but the
apace charge and chtange of potentisl gredient required ap, ar
to be greater than las teen found by observations, The idee
of a space charge arising from the electrode effect and
transported by sonve tion has been revived by Kasemir (1956)
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in sn attempt to account for the "sunriss-effect®, and this
makes {t even more desirable to investigate the space charge

. in the undisturbed lowest regions of the atmosphere.

8ince the electrode effect corresponds %to a decrease in
conductivity on epproaching the earth's surface, this could
be counteracted by some other process 21v1n§ an increase of
conductivity near the surface, Hogg {(1939) made the
suggestion that a~- and B~ radiation from radioactive sub~-
stances in the earth's surface would provide just such an
increase in conductivity and Chalmers (1946) made some ocol-
culations which showcd how the absence of the electrode effect
could be explained on reasonatle values of the rate of ioniza-
tions Since the btalancing of the eleotrode effect and the
radiocactive effect cannot be exact at all levels, measurementa
of space charge ca1 be of assistance in discovering how far

phia explanation 18 tenadle,

It should be emphasised that considerations of the
eleotrode effect are based on quasi-static conditions and so
can be applied to long-term overanges and not to short-~term
fluctuations of potential gradient and space charge,
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CHAPTER IIT SPACE CHARGE DETEPRMINATI
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Varfous methods h-ve be=n used to measure space charge
in the atmosphere near the g=ound; a-crit}c&l gummar{ has
recently been given by Vonnezut ard Hoore (1958). The
methods can be conveniently civided into 3 main classes,

ot

G :..;.-—‘-'

Pl i A

In the first type of method, the sir to be investigated
tlows into an earthcd esge amd the potential at a point
inside the cage is measured. Care must be taken that the
cage shall not carry an incuced cherge which would attract
ions of one sign and 1rwpel those of c¢pposite sign. This
method was first suggesied br Kelvin (1862 %Ed was used
by Chauveau (1902) and, more accuretely, by Kihler (1927);
thler used a water drcyper %to measure the potential at a
point inside the cage, while Vonnezu% and Moore (1958) used
verious methods, finally preferrinz a Folonium collector;
Muhleisen and Holl (41952), imstead of finding the potential
acquired by an insulated dreorper, measured the charges on ¢
drops falling from an earthed dropper.
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In the second type of method, the air is drawn through
a filter and the charge trapped by the filter is measured,
Agnin, care must be taken in zegard to induced charges,
This method was used by Obolemsky (4925) and Brown {1930);
Kinman (1954) mede careful ccmparisons between apparatus of
this type and that of tke cazz type and found good agreement,
Vonnegut and MXoore (195&) thcmzht that some space charge,
residing on larze ions, might not be trapped. Of rather
similar type to this method is a method of counting ions of
both signs and finding the 1ifference; a difficulty arises
here in regard to space charges on particles of low mobility.
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The third type of method invoives the use of Poisson's

Zaw by measuring the vertical potentiesl gradient at different
levels., Daunderer (19G7, 1909) used lamps es potential
equalizers and placed them at heichts of O, 1 sand 2 m, B
measuring the potential Aifference~ between them; ‘iorinder J
(1921) and Scrase (1935} used stretched wires with :adioactive i
colleotors at their mid-yoints; “lerinder measured pipultane -
eously the potentials acguired by wires st different levels, 4
whereas Scrase messured the potentizl & .fferences between "
2 wires 1 m apart at diffcrent mean heights.

Some results are given in Table I, g

Mos; workers have given tzeir recults ir R.S.U/ce., or
E.8,U/m>, To convert to ¥.K.S. units, 1 E,S,

T U = };33 x 10
:82}5m2763. The results #11l here be given in puc/m’ =

-10
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TABLL I Y
.~:
METHOD OBSERVER HEIGHT { YLOCATION TIKE | VALUE MEAN YEAR '**
RANGE ESU/m> | ANNUAL -
Wateor K#hler Potsdu~ | NoveJan.| +0,67 :-Ij:
- ldropper in Fabe +0.58 ] 4922 .
Foraday Cage June,y® +0.36 E"’
AwgZe 1 yr. :_::
L] ’\':.
! o)
i lame L
collsctor Daunderer | O0-3me Bad March- NG
Aibling June +0,616 L
JdiNe= 1
March | -0.577| +0.115] 1906 e
Jul ¥~ .
Nov. | +0.630 4 yr. o
i
Yatur Norinder O=3me Upsala Swaer | =0.07 118 :'_:-
dircpper and Fixod Win er | ~0.,20 -a42 and =
Radiogctive system Spring- 119 L—-
Collector Autumn | ~0.14 2 yr. E
Rndicactive }8crase 4 -10m. Kew Turbu- ”I‘:
collector lont |58
i Alr ' 40, 02 +0,03 114924 =
; St111 | s
‘ Alr +0, Ole 1 ¥re -,
Filtr.tion |Opol- 1Mo Pavlosk |Dece~ o
Mothod censky Fob 40,0 1924
. July- 0,003 5
Scpte -0,095 4 ;Iro '.-_-
Piltration |Brovm 7 5me 8cn- Scpte - o
Huthod Fron- Fcbe +0,098 _ 1929 .
cisco Nurche 0,083
Auge +0,072 1 yre | R
: ) Lo
Ion BEbert - - - - 40,09 oo
sunter i :
i 32 ! . i
Ion Gockel - - - -0 U1 13:7 k
Counter =]
E*aC.33 1 yre ’
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3 . In order to be able to use a method of space charge

- measurement for the purpose of investigating secondary

space charge, as defined above (para, 2:1), it is necessary
to avoid, as far as possible, any disturbance of the natural
electric state in the atmosphere. Apparatus of the cage or
filtration type is bound to cause some disturbance of the
electrical conditions, particularly if precautions are taken
to avoid effects of induced charges, either by extra shield-
ing or by increasing the rate of air flow, Therefore it

;. seemed better o use the method involving Poisson's law;

o0 this has the added advantage that it is simpler than for

.. the other methods to make measurements at different heights.
p .

9 For measurements where it is essential not to disturd
- natural conditions, there are grave disadvantages in using

] radioactive collectors, as they produce extra, unwanted,

- icnization in the region investigated. For this reason,

i 1t seemed to be hetter to use the "field machine" type of
method of measuring votentimrl gradients. As normel fleld
machines operate to measurc the potential gradient at ground’
level, 1t was necessary to adapt the method to the measure-
ment of potential gradient ct points above ground level
without disturbance of the electrical conditions, There is
a further advantage of the field mechine method, namely that
1t wmeasures directly the potential gradient whereas radio~
active collectors measure only potentials,

323, Numepjcal Values.

The numericel values obtained for the spuce charge 13
the lower atmosrnere have moetly been less than 0«1 ESU/m

"7 o3 upo/md,
For this value,
% = «g—; = -3076 v/‘;l./m. - . ’ i ‘ ¢ .

S8ince the normal value of the potential gradier . is of
the order of 100 v./m,, it will be necessary to measure
alterations of this, over 1 m of heirht, of 8 few per cent,

* P le of the Double Field Moch .

Consider = thin conductineg disk of ares A placed with
its surfaces horizontel, If the disk carries no resultant
churge and 18 ploced where there is a verticel potential
gradient, P, the upper surface of the disk will carry a charge
-Q - = ¢€oFA and the lower surface & chsrge +Q.

.
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If, on the other hand, the disk is situated in s
region with no external field and carries a total charge
of + 2q, then each surface carries a charge of + Q.

s -t
2
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N AR
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Electrostatic theory shows that, if the disk is

situated in a field and carries a resultant charge, them iy
. it 1s jossidble to add the two results above. Thus the .

upper surface carries & charge X = - Q + q, and the lower e

surface a charge ¥ = + Q + q.  The measurement of Y - X "

thus gives 2Q, irrespective of the value of q. This is gQ

the princiyle of the method used by Gunn (1948), Gish and -~

Wait (1950) and others to obtain the potential gradient by

g
.
%

7.

measurements with two field mills, symmetrically pi~ced on
an aircraft, to obtain the potenticl gradient ia * « air.

-
(]
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Although the measurement of ¥ - X gives the value of
2Q °nd heace of F, whatever 1s the value of q, there is
bound %o be distortion of the field unleess q {e zero, amd
this is bound tc affect space charoca, In order to avold

- distortion, X + Y = 29 must be made zero; if X+ Y 1s
positive, there must be a reduction of g, i.e. 0 reduction
of the potential of the dirk, reletive to earth, and
correspondingly an increase 1f X + Y is negative.

- Provided the sicn of P 18 known, 1t 18 not necessary
to know the signs of X and Y, If F, and so Q, is positive,
then, when q 18 positive, whether greater or less then Q,
both .erms in Y are positive, while only one in X is, so
that Y > X and, even if X is necative, Y| > { XI| ;
sinilarly when q is nerative, | X| > | Y| . 80 that the
potentiel of the disk, end thus q, can te regulated by the
relative values of {X{ and (¥Y{ ,  On the other hand, when P,
and so 3, 18 negative, then with q positive, |X{ > I?l and

. with q negotive, | X{ {1Y! ; thus when F changes sign, the
direction of the change of reguloting potential must also
change,
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CHAPTER 1V, THE DOUBLE FIELD MILL

o Des Co d .

It was decided to construct & sector-type field mill,
the theor¥ of which has been worked out by lapleson and
Whitlock (1955). Their mill had an accuracy of measurement
of potential gradient to £ 1 v/m Avepr a rance =75 to + 75 v/m
with a background noise equivalent to %o v/m within a
frequency range O+t to 10 ¢/s, so that this seems to be very

suitable for the present purpose.

Fig. 2a shows the shape of the rotating and fixed vanes,
-gshown at A and B in Fig, 2b, giving the fundamental output
circuyit of the mill,

Whitlock (1955) has shown that, on applying a potential
gradient F at time ¢t = O, the output after an infinite time is:

€QTNWR (2 _ |2y 4. = gni- wégugc,}
v s 2 (ry" = 0% 35 expl= T/FwEc
where ¥ is' the rate of rievolution in radisns/sec and the other
quantities are scen in Fig. 2.
If #/NwRc << ¥, and expanding the axponential terms,
4O

which 1s indcpendent of small changes in w,

If the smallest potential gradient to be measured is 1V/m,
and if O+1 mV can be measured, then C must by less than
360 putL,

The output from the mill hes high impedance and this has
to be matched to the low impedance of the cable to the amplifier
through a cathode follower. If the grid current of the cathode
follower valve 18 Ig, the D,.C, voltage across the input resistor
is Rlg, The valve used was & Mullard EF37a run et reduced
heater anq snode potentisls; the grid current was measured
to be 10~10g,

The capscitance of the stator-rotor sssembly and
connecting cables, C, was measured to be 60 puf and the
variation, 4C, in this frur exposed to screened position was
L put, The voariation in vane capacitence zives an A.C,
component of the asme frequency as the signal, of magnitude

Ve = %?RIg
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This can be reduced by increasing C to 260 puf, still v
below the value given above as the maximum, b
If Ve 13 now to be 10% of V for 1 v/m, 1t turns out that .

R <0+9 x 10/ ohms, -
To keep Nw > m/RC, we must now makc w > 2900 r.p.m. l

Using a motor speed of 1iu25 r.p.m.sowith pulleys of

radii 7.2' and 3-42", the mill speed is 3000 r.p.m. ;

Inserting the final values,
V o= 1o x 107% P[4 - 747 x 1072]

.

where the second term i{n the brackets is proportional to 12;
a 1% change in w gives only 017% change in V,

TRy T S v

L 2 SR g

© - Je2. Wount and Drivi £ _the Mills,

Because the double field mill will be considerably heavier
and more tulky than the water droppers or radiocactive collectors
used ty Norinder and Scrase, it will reouire a more rigid
supporting structure. In deciding what form the supports must
take, it must be borne in mind that a too massive structure will
probably distort the earth's field unduly and so destroy the
vhole purpose of constructing the mills, namely, to measure
values of potential gradient without introduoing distortion,

[ e ———

e~ - e

Two effects are likely to arise from the supports:

(4) Any conducting parts which are not at the potential
of their surroundings iill distort the field.

(2) Any insulatine parts are likely to acquire charge
and must therefore be placed at such a distance from the mill
as not to influence the field there.

R S DV RSt - L I bl T

The effect of uny object, naturel or artificial, near a
potential-measuring device can be expressed as a "Reduction
Factor" for that particuler locntion and is given by:

LA —

RF = FKeasured value of the potential cpradiept
Value over centre of large conducting plane at same site

Benndorf (1906) considered reduction factors of various i
objects and found that 3 vertical conducting post, one metre 7
in height, has less than 1% influence on the potential aradient,
one metre above ground, at & distance of 3 metres,
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of para. 34, this can be used to regulate q and hence the :
mill petential, pruvided that the direction of motor drive "
i8 reversed when F changes sign; or the polarity of the
slide potential can be reversed.

The outputs from the upper and lower plates are fed

throuvh blocking condensers B to cathode followvers C, the .

. condensers isolating "mill earth" from true earth. The £
cathode follower outputs are fed from the outdcor apparatus .-

through coaxial caoble to two matched amplifiers wita inecorpora:’
rectificrs so as to give & positive polarity to both nutputs -

with respect to earth, These ¢re red to the two sides of theQ.
servo system. -

]

The theory of parz. 3+4 shows that, when |Q] >ja] the §
resultant output is proportional to g snd the operation as a =
collector is satisfactory. But if FQ <jal, the resultznt
output is proportional to Q and, if this 1s smaell, there may .
not be enough power tc move the slide wire and a balence is nol.
obtaineds These peculiar eircumstsnces can be avoided if it

. is arranged lhat the mill potential always starts at zero, so
that Y = 0, ¢ = -Q, ond henceforth |Q| > Tq | e

e

. T Constant of the Coll Sysg?t me

o

It 1s importont to find the response time of the servo- E
motor to a sudden potential-gradiznt change, because the value k
of this compered with the respronse time of the mill and -
omplificr circuit 1is the criterion as tu whether the servo-

motor will follow changes in potential gradient or will "hunt®
and become unstable,

o~

-
.

. .
D

Let 74, 7, be the time constants of the balancing motor ¥
system and of the mill output eircuit; then 7,>7, is the ~
condition for stable r.sponse, The relevant components of the -
mill output circuit are shown in Fig. 7; 02, R2 ere the mill .
output capacitor and resistor respectively; C, is the blocking.-
capacitor B (Fig., 6); R, 18 the input resistor of the cathode -

follower C (Fg, €); S is the potentiometer slide of resistancer
R ohms,

The case to be contidered is the beheviour of the elrcutt -
when subject to o sudden chance in potenticl gradient, tut this-
may equally well be token as the cise when a step-voltege is

applied to the mill;y 1n fact, see para, 5+3, this is more
closely the actuasl case, .

Assuming zero initial conditions and solving the problem 3
of the circuit by use of Laplace transformations, it is found

that 2R,C,R,Cp ;
T2 ® RET 0, + B0 .
abq + Uy + KoLy
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The capacitnncs of the mill-girder system to earth is g
small, so, in order to increase this, and so to make T N
large, 8 20 pf capacitor is placed between the slide a’xd 3
eerth [C in Pig. 7], :

The whole 51idec wire has a resistance of 1 M, divided -
into 100 perts; 4if only 4 section, of resistance 1097 is used, ]

. T, = V& sece -
1 2 .
2R,R.C,C g
Thus, for stability, "“"—1?1"2'61‘3"{2'6’ < -15- ’
RiCy + RyCp + RoCa
1 1 1 .

or + = + = > 10
Rlz 7 RiCp  RG , '

[}

If G, = 260 puf and R, = 100 ohma, .G, = 38:5, so that
the condi%ion holds whatever the values o% §1 and C,. - Actual :
values chosen were R, = 1K end C, = 1075uf; this last velue -
gives 01 2 small impedance at the will frequency, compared with i

R2.

IO L A
B B, IR

AL

A 4 s @

sl F oy P T SR I TR 0 i R R L Rdading

SHET, b oot w0k S O ST T SIS




e e AR R 2 L S A R T o O O N A
" .
. p
.
I
. . . 1
.
.
.o
] .
) .
i
. 1
! b
i . ) “
. w
3
b
f
]
.
)
g ¥
+
i
I
.
g '
.
. t
g m N
. : . !
1 L
. i i
H f .




R B WO LI TALOYIPOTT™P TS PA NP T g

oo g

15.

CHEAPTER V, APPARATUS ARD EXPERINENTAL PERFORMANCE

D, Pield Mil1l.

The constructional details of the double field mill can
be seen clearly from Fig, 8. The drive is transmitted from
the horizontal 3&" silver steel shaft to the similar vertical

vane shaft by means of a 1:1 rstio bevel gear, This gear is
situated inside on o0ld electric motor casing which also serves
to house the vane shaft, ¥minted nm top of this casing is a
commutator system, by means of which it was hoped to provide a
method of sign discrimination of potential gradient; 4if the
amplified mill output is fed back to this system, i% will give -
e rectified output of polarity dependent on the sign of
potential gradient; however this system was finally not
exploycd because of unavoidable brusn jumping at the high rate
of revolution used, :

The rotary vanes, identical with the fixed collecting
plates, are constructed rroz Y -” stainless steel sheet and
mounted at either end of the vane shaft. The collecting plates
lie flush with the case of the mill to avoid field distortion and
are mounted 6 mm. beclow the rotating vanes on four highly
polished polystyrene insulators.

The whele structure is bolted rjgidly to 8 brass frame,
covered with sheet aluminium, into -thich are fixed two coaxial
"eye" sockets connected to the upper snd lower collect:ing plates,
When assembled, the mill hes horizontal dimensions o 22 x 22 cm,
with 20 cm between the rotating vanes,

Connection is made between the mill and“junction box",
siiuated at the end of the mill-supporting girder, using
Uniradio "Telcon" low capacitance PVC insulated coaxial cable,
The sheath of this eable is "earthed" to the mill and girder
assembly, at the potential of the mill. The " junction box"
is the terminating point of the =i}l potentia} and ccntains the
rill cordenser C, 2nd resistor R, laee Fig, 7i; the cable
capccitance is 1f rorallel with 82 and so must be kept as low as
possible; this value is included in the 60 uuf qucted in
parﬂ.‘ u'1.

<

The mill outputs nre then taken throuch the blocking
condensers C,, which are TCC “Cathodrcy"” "Visconol" condensers
heving & DC working voltage of 6 kV and a capacitance of
0001 uf; from the “"earthy™ side of the Junction box, the mill
outputs are fed ic the cathodz followers through Radiospares
"B ysrelde” coaxiol cublz, with earthed sheath; similar cable
is also ed to convey the mill-belancing poten.icl to the
mill gi-ulfo
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Across cach condenser C, is connected a small 20 puf
trimmer for the purpose of m&tching the upper 2nd lower plate
outnuts, Thts is necessary for two reasons:

(1) 1+ 1s essentisl that the girder is brought to the
potential of 1t3 surroundings, but cny asymmetry in the
positions of the collecting plates with respect to a horizontal
plane throuch the girder, would cause the two outputs to differ
w?egtthe mill potential is correct; the trimmers car put this
right;

(2) althouch the nominal value of C, is 200 puf, there,
may be as much as 5% error in this value“and also the connecting
cables may differ slivhtly in cspacitance,

A further reason for the outputs differins, when the girder
potentiasl is correct, moy be that the surfaces of the collecting
plates and rotors may differ from one psir to the other, giving
different outputs from contact potentials, The use of polished
stsinless stecl reduces this effect, but Whitlock (1955) found
thet it mizht be equivalent to a potential gradient of .10 v/m,

52, Cathode Follovers, Amplifiers d Pow Su v

We have elready discussed [para. L+1] the need for cathode
followers to match the hich mill output impedance to the low
impedance of the ccbles connccting the mill and the emplifier,
o2nd to isolate this hich cable capocitance from the necessarily
low mill cuprcitince. The circuit is shown in Fip., 9; two
identical units were constructed, sealed in waterproof boxes and
mounted half-vay up the supportins posts; this position decreases
the meximum length of the eable between the junction box and the
cathode follower and 2ilows the m}ll to be moved to its hi:hest
and lowest positions [sec Fig. 19},

The cathode followers were tested for :quality of response
betwveen input values of 0 - 10 v, ¢t the mill frequency of
200 co.p.s. znd were found to be equal to within 1% with a stoge
zain of 071,

Fire 11 shovs the circuit dissr-m of the potentiul-vradicnt
amplifier used, This amplifier em;loys newvstive feedback over
both stares to rive added stability znd to render the overall
amplificstion factor independent cof varistion in the supply ¢
voltares, chanccs in the values of cireuit components with
temperature or tiae and alteretion of the velve ch2racteristics
with aging. A input selector 15 plecel across the secondary
of thi input {rensformer ~ivine ingput frections of 1, Y-, 1%,
Y10, 750 end 7100.
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; The fraction, B, of tuc output voltage fed back is {!

. N given by: R o)
o 2 -
’ ) B = Ry + ﬁz @f
|

n If A 18 the amplification without feedback, them the o
voltage amplification, Ap, with feedback 1s .

.

AN

: . s A 3
: A 1-48 " "% 1 - g

e
v« ¥ N

If AR >>1, then - - )@ and is independent of the
amplifier characteristics,

PR ) R

In the present case, the amplification of the first stage
18 176 and of the second stage TBO, Ry 18 365k, and R, 1s 1k

e*e A = 24,640 and B = 7.5, 80 that AB>>% and AP = ~37°5.

The amplifier was tested at mill frequency, uwsing the
4% value for the input selector, and showed a 1inesr response
up to 1 volt input with en amplification of 863, showing a
ratio of 2:3:1 for the input transformer.
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A second similar amplifier was built and tested, and was
made to have an identical response by adjusting R, slightly.
The amplifiers were buil% onto a common 10" x 17% guralumin
penel, so that all the electronic gear could be mounted in a
standard rack, thus being easily accessible. The two input
selector switches were "ganged" to the same control to avoid
the possibility that they might be left at diffcrent positions,

The power sugply was stabilized at 350 volts, using Neon

Tsram STV 280/40 "Stabilivolt" tubes and suppliied a total of
four amplifiers, two to each double mill, A scbsidiary
tapping from the same supply gave a voltage froc O to 140 volts
for the cathode follower. Investigation of the output at

: varring load currents showed a variation of only Oe8 volts
with currents up to 33 ma, though above this value the output
fells off rapidly; 4in use, the total current is onmly about
28 wa, so the power supply is cperated within the regulated
limits,

Because of the high output impedance of the amplifiers,
it wss thought necessary to feed the amplified outputs into
the following stages throuch cathode followers, For this
purpose, it 18 not necessary to run the valve &t reduced heater
and enode potentials, because tre velue of the grid current is
not importent here. The circuit diagrem is shosn in Fig. 13;
the valves used are Mullard EF 37A, with a 5002 poventiometer
between the two cathode resistors to provide an adjustment to ;
the relative magnitudes of the two outputs, in gddition tQ the :
trimmer condensers in the mill output circuits ipara, 5¢1), )
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Thus all adjustments to make the smplifier responses ogual
can be made with this 500 Q& potenticmeter,

After rectification with a Germanium diode rectifier GD3,
the upper and lower plate outputs are fed, in opposition, to
the servo-motor and in addition the upper plate output is taken
through a high resistance recording gelvanometer to earth for
the purpose of recording the potentisl gradient. The
resiatance of the galvanometer is sufficiently high so as not
to upset the balance of the outputs,

A subsidiary monitoring circuit i8 incorporated in the
cathode follower stage to provide & visual check of potential o
gradient values; this may be switched into either upper o» %
lower plate output, or removed from the circuit when recording. .
A test of the amplifier and cathode “ollower was made and showed .«
an overall amplification of 22:6; compariscn with the value
of 86+3 for the amplifier alone shows a considerable loss through
the cathode follower and rectifier stages., The response tails
off for inputs below 7 =V, using the value “1" of the input
selector, indicating that the rectifier has a non-linear charec~
teristic in this region; the mill-amplifier system therefore
needs to be calibrated,

It 1s convenient at this point to calculate the expected
magg%tuge of the rectified output in terms of the potential
gradient,

From the equation of para. 4.1,
VaFxihx 10781 = 7.7 x 10~2] volts;
the stacge %ain of the mi1ll cathode follower 48 0+71 and of the

whole amplifier 226, Assuming no loss in the mill plocking
condenser and in the cables, the final result is

Va2:07 x 103 ? volts

tfeé a potential gradient of 1 v/m should give a final ocutput
mv, .

To investigate the behaviour of the system under balancing
conditions, two horizontal aluminium plates 1 m, square were set
up 56 cm. apart. The mill was placed with its centre 23 cm.
above the lower plate and the lower plate earthed. Tue upper e
plate was given a potential of -50 volts and the mill -20-5 volts,.:
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. th2e correct value for its position; the 500 ohm potentiometer {

was than 2djusted until the two outputs from the mill were !
equal, Then different potentials were 8i'plied to the upper o
plate varying between ¥ 500 v, and the corresponding mill poten- X

tial found, s0 that the two cutputs became equal, W

The results in Fig, 16 showed a good straight line, except
for the value for -50 volts, so that the potentiometer setting 3
was incorrect; +this deviation may have been ceused by charges
on the mill driving belt, In consequence of this, the slope K
of Pig. 16 18 0+25 and not the theoretical value of O-41. N
However, it is clear that the double mill does function as desirel-
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It was slso found that the sensitivity of the whole system
is 2+0 mv per v/m as predicted and falls off at low
potential gradients,

For space-charge measurements, 8 second field mill 1is
required, and, ss the commutator system had been aba,coned,
the second mill was constructed without this, allowing the
overall heicht to be reduced to 44 cm. The vane shaft and
driving shaft were mounted in a duralumin rectangular block,
cast for the purpose and meking a reater job than the motor
casing used in the first milil. Apart from this, the
eguipment for the sccond mill was identical with that for
the first.

53, Potentinl-Balancineg Servo-Mechanism.

The instruments used for the purposc¢ are Roneywell-Brown
"Continuous Balance" Electronic Chart Recorders; the original
use of these instrumente was to balance a standard potential
pleced across a slide-wire against the voltage generated by a
thermo-couple and thus to measure a temperature. The
difference between the slide potential and the thermo-couple
potential in an unbalanced position 18 fed into a two-stage
D,C. amplifier end ‘hen sctuates the motor driving the slide
to a balance position, this position being registered on a
moving chart by a pen attached to the slide, The sensitivity
of the amplifier may be varied, the motor responding to a
minimum change in input of 003 mV at maximum sensitivity,

The time of travel of the slide from zero to fall-scale position
is 12 sec. and the chart speed may bve varied from 30 to
120 1n./h1'.

For the present purpose, the instrument was modified by
removing the existing slide wirec and circuit and replacing it
with a slide wire of resistsnce 1 N, This consisted of a
rov of 8 BA bolts screwed into 29 Tufnol board having the same
dimensions 5 the original assembly, with the slide running over
. the heads of the bolts, To the revevse side of the bolts were

gsoldered 100 10 k resistors; the zero vnd of this chain was
connected permaneatly to earth and -“he other end, through a
reversing switch, to a 600 volt source of £ HT batteries.
The batteries were considered pr~fcreble to a power pack
running from the mains, becsuse of the Gifficulty of smoothing
the letter sufficliently; a 1 volt ripple at 100 volts would
give an output equivalent to en altecrnating field of 1 v./m.

The slide contacts are insulated from the rest of the
instrument, one sliding aleng the bolt heads and the other
along a "collector" wire pleced parallel to the resistance
contacts. Fig., 18 shows a schematic diagram of the balancing
system. The KC circuit across the input is rcco~mended by the
manufacturers to render the instrument slichtly overdamped;
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without the components R and C , the motor oscillated about t;;
the balance point with an amplitude of approximately 4% of e
the full scale deflection, with a perfeotly stesdy input and b
the amplifier at maximum sensitivity,. f
L-l_._
Because .he slide wire has not a uniform variaiion of B .
. resistance along its length, since it is composed of 10 k steps, K
the voltage supplied to the mill varies in steps of 6 volts o
from one contact to the next., This is why the theory in T
para. 44 was worked out for a step voltage applied to the mill e
and not for & sudder change of potential gradient, Another RN
effect of this discontinuity in the slide wire is to reduce the .,
accuracy with which the voltage is fed to the mill, Investignt- i«
; ing the accuracy with which the servo-mechanisgy will follow 8 Fue
change in potential gradient, it can be shown that if the effect * o

of the 20 uf smoothing condenser (Mg. 18 and para. 4-4)1s
neglected, with the mill at 1 m. height and a potentiasl xradient
of 100 v/m changing at the rate of 1 v/m per minute, the -
greatest divergence from the true potential is only 1<4%.

Taking into account the effect of the 20 uf condenser; which in
combination with the slide wire sives a time constant of 20 secs.,
then the error introduced for this rate of change 18 less then
1.4%, The faster the change in potential gradient, the lower

is the error and as most chances occur faster than the rate

given above, 1% represents 2 fair value of the “tracking error®.

. R ding Galvan r ond T 8 4

The Brown Recorders give the potentinls of the two mills,
registered on their respective charts. For the purpose of
recording the potential gredient the output from the upper
plote of each mill is taken to a galvanometer. .

- -

The galvanometers used were Tinunley moving coil suspension
galvanometers, iype 4500/10 £, havingz & periouic time of 2 sec,
and a sensitivity of 1500 mm/uA ot 1 metre. The coil resistance
is 45 1 and critical damping needs a shunt resistance of 12 k.
Three series resistors were used to give suitable sensitivitics
with the. "1" value of the amplifier input selector.

Trial measurements showed that 1nc1ud1n? the Brown Recorder
in the circuit reduced the estimated output (para. 5¢2) from

2 mv to 1 mv per v/m., The full width of the recording paper

used in the comera T2h0 mr 8 available because the output 14 .
always positive with respc to earth, so a current of 016 us :
i8 needed to give full scale deflection. Using resistor ’
values of 1+5, 0+68 and 0+22 ¥ -  full scale deflection is

cbtained with 240, 109 end 35 v/m, corresponding to sensitivities

of 1, 23 and 68 mm per v/m respectively; these will e :
refe.,red to as "Low", "Medium" and "High" sensitivities. :
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From the sensitivities just calculated, and using also
the various settings of the input selector, a range of :
% 24,000 v/m would be covered. However, there are practical
~1imiis set by the maximum slide potential available in
Jcombination with the height of the mill, With 600 volts on
.the slide wire, the limits &re * 1,200 v/m at & height of 3& ]
~but only £ 100 v/m at a height of 6 m,

o
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8 The camera used for recording purposes was made in the
| laboratory workshops. It was equipped to take a 100 f£t. roll
of 240 wmm, width recording paper and driven by a geared down
, motor powered from the meins, giving & paper speed of 30"/nr.

In addition to the two Tinsley galvanom?ters. a third
galvanometer was connected to the agrimeter (Chalmers, 1953),
giving a useful check on potential gracdlent values at the

- earth's surface.

-~ Since recording was teing done on photographic paper,

- 8 mettod of obtaining zeroes was needed, and also time marks

- are neede’ both on the photographic record and on the Brown

recorders, A 50-volt, Y2-minute pulse every 5 minutes was

available for this purpose. This pulse operated a Post Office

© 5,000 type relay, with its contacts arranged so that the uprer
output from each amplifier was earthed for ¥, minute every

. 5 minutes, thus bringing the potentinl gredieént galvanometers

to zero and so allowing a zero line to be dravm on the photo-

" gravhic record. In addition, the Brown recorders see this

. earthing of the upper ouf{puts as a decrease in potential

gradient which they attempt to follow; consegquently the slide

. moves down to zero mill potential, giving time marks on the

.- Brown charts, This operation, occurring every 5 minutes, also

~ fulfils the condition stated in para, 52, that the mill must

" start from zero potential when potential gradients are small,

- The Brown Recorder cherts are gradusted laterally in A
3?“ divisions, enabling readings to be made at 4O sec. intervels ;.---.-
- with a chart speed of 30"/hr, and loneitudinally into 400 ‘

- divisions; this would allow a reading to be taken to Yi0

< divisien, i.e, 0¢6 volts, For ease of reading off values

- from the photograRhic trace, 2 mm, scale 1s inscribed on the

. camers lens, its "shadow" beins recordec on the piper by means
- of 8 fogring lamp, placed as mnear as possible to the
galvanometers, This lsmp wes connected to its supply through
a second relsy worked ty the 5-minute interval pulse; this
caused the lamp to be switched off ot the same time a8 the _

- galvanometcws are zeroed, lesving a white line ecross the paper, °
" Later, a subsidiary timing circuit was introduced, which
interrupted the fogiing lamp supply for 2 sec. every ¥2 minute,
giving greater ease of time measurement.

The agrimeter gives both positive and negetive deflections
ond 80 was zeroed ot aprroximz=tely the centre of the comera

¥l

7 .

8cale, It was equipped with .4ts ovm zeroing and calibrating {Ey "
device; the galvanometer has threc sensitivity values: 04125, A0
00305 and 000585 mm. per v/m_giving full scale deflection Tt
(120 mm) for 960, 4OOO and 20,000 v/m, L
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CHAPTER VI, OPERATION AND BEHAVTOUR OF THE COLLECTORS

6:4,  The Site apd Srection of the Appspatus.

Unfortunately, no choice could be exercised in siting the
apparatus, the only site available being that snown in Fig. 20.
AE can be seen from this diagram, the site is screened on the
eastern side by a single line of trees, on the north by
laboratory buildings and on the southern side by & ~iler house -
behind which is a large wood, The ground slores quite stelply
upwards beyond the southern fence (shown by a solid line) ana,
because of this, no direct Goutherly winds could reach the
apparatus, To the west and cast, the landscape mainly consists
of open meadows and to the north iies the major part of Durham

City.

The plot itself slopes gently downwards from south to north,
as may be seen from Fig. 19. The mill-supporting posts were
erected vertically, and the method employed to fix the Tufnol
bars, supporting the mill girders, to these posts necessitated
holea beine drilled through the posts to take metal pins securing
the bars in position; this arranzement can be seen in Pig. L.
The positioning of these holes was such that the mill girder vas
as nearly parallel to the ground as possible, and were drillcd
at an angle to the horizonial so that a couple was applied at
each end of the girder, tending to turn the mill in an upward
direction. This reduced the sag of the girder from L5 cm. in
a patural hanging position, to 15 cm. measured vertically at the
mill from a line joining the ends of the girders, This
“counter couple", although reducing the distortion of the earth .
vertical field due to the mill girder not being in an equipoten~
tiol plone, rendered the operation of raising or lowering the
mills exiremcly difficul]t and although provision was de for
nltcring the height in /2 m, steps from * m., up to 5?2 Me
recordings were made only at 1m 3mand 5 m.

As mentioned in pura. 52, trouble was encountered with
the plastic drivine belt pickine up charges and giving an
undesirable effect, Thi3 woe eliminated by totally enclosing
the mill pulley and the belt for 2 distance of 41 m from the mill
in an aluminium case, Trouble was also encountered in connec-
tion with the switching on of the driving motor; this gained
its runninz speed very quickly, and gso there was a considerable
stretching of the driving belt, which woulad often fly off the
pulleys. This difficulty was overcome by including a "Variac"
in the mo*or power souprly, slowly turning it up to the maximum
voltage, thus starting the motor less rapidly, with less stroin
on the driving belt,

An alteration in the height of the mill would entall a
fresh driving belt from the motor, which was situated on the
grounds To aveid this, a pair of rails was fixed firmly to
the ground, parallel to the mill girders, from ¢he foot of the
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posts t0 a distance of 2 m ouitside them; the motor could then
be moved along the reila when the mill height was altered until
the belt became sufficiently tight,

The space charge effects that may be obtaincd due to the
location of the site depend upon wind direction; effecta of
potential gradient and of disturbances due to precipitation will

oo . not be considered yet. With westerly winds, short burats of
space charge may pass ove¥ the site from passing locomotives,
the railway being about 1 miles awey; this effect was
noticed by Whitlock (1955} in potential-gradient measurements.
Also vehigsles passing along a road 4OO yards away might give
space charge effects, but these might be of too short duration
to be detected. With northerly winds, the observed space
charge may again be artificiel, this time dAue to smoke coming
from domestic fires in Durham City; this would probuadbly
blanket out any effects due to traffic on & road 300 yards to
the norths With winds from the east and south, no peculiarities e
should be expected until the potentianl gradient reaches values - oy
sufficient for point discharge to ‘occur at the trees |probadbly -
about 800 v./m at the ground]; from the trees to the east it is
unlikely that point~discherge ions will trovel to the region
between the field miils, but this may occur in connection with
the trees to the south,

A i

ATV
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On Pig, 20 ure also shown the position of the agrimeter dt
o horizontal distance of 14 m, the rain current measuring insteu-
m:nt RC at 13 m and an Obolensky-type filtration apparatus FA
n 5m.
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For the purpose of performing an initial calibration,

. setting the 50041 ratio control and testing the accuracy of. the
mill potential set by the Brown Recordar, the plates used in the . -
inboratory tests wcre set up sround each mill in turn; the L
lower, earthed, plate wos laid on the ground and the second

flate set up 70 cm, above this, with the mill in its nominal e

"4 m" position, i.e. at 35 em,, in the centre of the plates. e

A variable potential wes 2pplied to the upper plate and the o~

mill alloved to balance automatically; to cvoid the difficult |-

' experienced in the indoor tests (see parc. 5:2) where the 500 §t <
i ratio control wes wrongly set, the maximum potential was applicd N3

to the plate oand the rntio control set so that the mill potential e
was exactiy half the plate potentiel, Using 2 negative instecd “
of & positive potential gave cxactly the same setting, showing N
the co.rectness of the setting. F

The "dead zone" of the Brown Recorder, i.,e. the minimum .
change in potential gredient required to producc & corresponding -
change in mill potential was found, as expected from the g v .
steps, to be £ 3 v, when the potential gradient was over 100 v/m. -
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When the celibration curve wes drawn it was found to e
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2. =

Because of the tail off in amplified responsei the dead zone ;fg

. in the region of zero potenti2l gradients is % 25 v/m. Eﬁ
h [
. i

o consist of straight line portions .giving intercepts of & 90 SN
3 % v/m 2nd ¢ curved portion passing. through the origin. The P
i . test plotes were similarly set up on either side of the second B

mill, in order to set the ratio control, -

For reguler crnlibrations periolicelly, a small casibrating "
plate was constructed from aluminium to fit closely over the -
top or bottom of each double mill in such a way that it was o
parallel to the mill vines at 2 distance of 3 cm, from the svator, ¥
The potential for this plate was supplied from batteries fixed to &
its outer surface, so that a potenticl cradient between % €00 v/m .
. could be applied in 50 v/m steps. Celibrations were mode of !

h both outputs of each mill from November 1957 to May 1958 at §
monthly intervals. One such calibration, that of the upper I
output of the upper mill, is shown in Fig. 21; apart froma B
zero output, this ic identic:1 to ¥ 1 mm, with the calibration r*
My
o
L‘l

Ll il anadr gt Y
. EAEACRENEN
[ g

|_"u.‘ X

T
PN

curve obtained from the two large glqtes, with the same falling
off of sensitivity ot low potential gradients to be ascribed
to the behaviour of the Germanium rectifier (pars, 54),

The zero nutput is probebly mainly to be ascribed to the
cluminium plate, since when this was replaced by ¢ steel plate
the zero cutput cltered from 15 v/m to 2 v/ms A graph of
monthly measurements of the zero output is ziven in Fig, 22;
the two outputs from the same mill remcined identicol and it is
difficult to understrend why there should be the differences

betwcen the two mills. =

The upper mill wos placed outdoors in June 1958 ina "4 m" ;ﬂ

\ position, and the other mill in Jeptcmber., During the time o
' when only one mill was operating, the potentinl-grcdient record-

P, ing gnlvanometers hed not yet been instclled, but on several o

| g
i occasions chart recordings werc trken and the veclues compared -
| ‘¥ith o conventionnl field mill situnted in the plane of the y
i eirth's surface at RC (Fig, 20). A typienl finc-weather
i ) recording is reprcduced in Fig, 23 where the agreement between
1 the potcntial grecdient a2t the ground and that calculnted from .
' the potenticl st 65 em is guite good, considering that the two ¥
instruments are 13 m, ~pert, The mean potentiol gradient up -
to 85 cm is lower, om the sverage, than the potertial gradient 3 ?
at the ground; this gave an averange sp2ce cilrrge of + 110 pupe/m?,
w#ith an average potentizl cradient at the ground of + 91¢6 v/m.

A reccrding mode in 1isht steady reain is shown in Fig. 24, »
with a negative potentiel grndient, hicher than in the last case. |
Here, cgaig, 2 positive opuce charge of an average velue of B
+ 50 ppe/m? is fourd, During this pericd, measurements were -
made of the rcin current at RC showing cn 2verage positive rain .
current with ¢ maximum between 11.57 and 12+08, when the space -

charge wos 2lso positive 2nd negative values after 12¢35 when
the space charge was also negative,




—ad
.

[ » ) : - . ot an
N \ i Lo R eganu DR S T E IR T T T R Tt ey N PR Y E ety TR
’ & 7 - X et P - - ¢ N . R . A
. . L "xﬂ\w DY N .
. \ e Y . vz .
. G AT N -
[P . .t - P - - A
] -~ " A »
: R P ‘ L L
- ] £y g e 35 -
: w7 U S :
g Q—. ot e u"“, o e = ,:;L_, e, ?‘i wl 0 - R -
Y - ¢ .
- R T BT e T
.
N J
) * 4, A
= L1 -
- » e
" 7 .
” *w s v,
N
. -
~ - E{-—.
L :
o B S o’ ¥
it it 2 e L
f\-. o RSP ST I SRR P R e L tard L .
L . .
b K
X
w ' \Te
“l F‘..
25. -

T

(Y

6.3, Behaviour in Rein.

L]

()
,

The field mills behaved well even in the strcngest raiu,
though the cutput became a little "zrassy" due to spleshing on
the vanes. However, in two ways, rain caused trouble.

e orm v -
RS *
.
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»
PR

The Tufnol insulating bers for the mill girder sometimes ?5
collected sufficient vweter on their surfaces to short the oo
girders to ecrth through the Junction box covers, which are T
mounted on thece insulators, This effect became apparent o
immediately by the Brown Recorders suddenly becoming unstable, w
due to the reduction of the time constant. The situation wos -
restored to normal simply by wiping the surface moisture off F
the insulators, £

: &

. Lorge charged drops of water falling from the upper s

mill impinged directly on the upper vanes of the lower mill, ﬂ,

giving such a shock to the Brown Recorder that it required up Lo

to 10 sec. to return to its balance point., In medium or ~

strong winds, this effect does not occur, as the drops are -

blown clear, but with 1ight winds and heavy rain, a balance b

point was sometimes impossible for the lower mili. A o

. temporary cure could be affected by pushing the upper mill to Dy
one side, but 1t would soon return to 1ts normal position and T,

the difficulty would recur; in these circumstances, recording
would be sbandoned., This effect might perhaps be removed by
ofrsegting one mill with respect to the other along the girder
length.

. R P ure 8 Re Analysis.

At the commencement of a recording session a five-minute
running period sas allowed for the paper in the camera to
tighten and settle down to a uniform speed, During this
perivd, the mill insulators were checked by observing the rise
in potentisl of each mill when 600 volte was applied to the
Brown Recorder slide, Tne sign of the potential gradient was
established either by r<ference to the agrimeter or by
switching on the Brown Recorder and noting the direction of
drive of the slide, 1If it showed no tendency to drive upwards
with elther positive or negative voltage on the slide vire, and
could be set in any position, then the potentiel gredient was
less than 25 w/m |with the input selector at Y2] and recording
was abandoned.

When the two Brown Recorders were balancing, a value of o
the input seleector fcor eech mill was chosen to give a
reasongble deitection of the potential-gradient galvanometer;
the walvanometer sensitivity adjustment was seldom used,
remaining at "Low" for the ma jority of recordings; the Brown
Recorder sensitivity was then adjusted such that the slide was

R I P E P
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Just below the point of respoiiding to potential-gradient
changes of the order of periodl of 2 sec.

After completion of these checks, the time of the next
¥> min. extinction of the fogging lamp wes noted, together with
tge sign of the potential gradient on each Brown Recorder chart,
and the record considered to beein at this point. During the
whole reccrding, note was taken of the strength and direction
of the w.nd, times of change of sign of potential gradient,
precipitetion details 2nd the state of overhead cloud,

We have already discussed {para. S5<4) how timing and zeroes
are indicated both on the Brown Recorder and photographio
records, The thickness of the photographic trace is about
¥ mm, and measurements were made to the nearest mm, corres-
ponding to 1%, for an input selector value of "4"* and "Low"
.gelvanometer sensitivity. On the Brown Recorder, no advantage
accrues from any uttempt to read to better thon £ 3 v, since
this is the "step" change, To distincuish between upper and
lower mill traces on the photographic recording, the galvanometer
zeroes were set 1 cm apart and, in addition, the upper mill
galvanometer lamp was slightly offset to give a fainter trace.

There is a cholce of 3 methods of reading off values from
the troces:

(1) Values at "major features", c.g. maxima and minima,
(2) Averoge values over minute intervals,
(3) Instantaneous values 2t minute intervals,

The first method would, in some cases, give very few readings,

The second method is difficult to «pply when there are rapid
fluetuations., The third method, though sometimes missing rapid
potential-gradient changes, is simpler and probably more accurate,
and this was used in analysis.

From the analysis of a reccrd, it is possible to obtain,
at each minute, the potential at each mill, the po*ential gradient
ot each mill and, from thc agrimeter record, the potential
gradient et the ground. From these resdines, it is possible to
zet the average space charge between the two mills from the
potentiel gredients; 2 chegk ucing mill potentiscls usunlly
egreed to within % 10 upq/mza The avcrage spsce charge below
the lower mill can be found from the lower mill potential
gradient end potentinl, or from the mill potenticl gradient and
agrimeter reading; these two results do not alwoys agree
because: (1) the effective sampling height 1s different,

(2) there is a horizontal scparation of 14 m and (3) the
agrimeter has a long response time,
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HAPTER VII APPAPATUS FOR FILTRATION VMETI
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With apparatus in operation to measure the space charge .
from the potential-gradient charge, it was thousat desirable w—
to construct, also, apparatus to measure the space charge
directly, so that a comperison could be made. If suitabdbly
constructed, the latter apparatus would not record the actual
charge on the precipitation, but this would be included in the
results from the change of potential gradient,

L R
et

R s
RERE
e v .

G L

An Obolensky-type filter was constructed along the same
1lines 83 that made ty Kimman ( ‘1), This consisted of an
insulated brass cylinder packed ..shtly with fire steel wool and
effectively screened from any effects of variation in potential
gradient by enclosing the cylinder inside a brass box. The
air inlet wos shielded to prevent any possibility of precipita-
tion entering the inlet or splashing in the near viecinity to
give 3purious effects.

, 2 'L'o‘-.r (R

Air was drawn through the filter by a motor driving an old
"Hoover" fan unit: thic motor was driven by the mains through
.a "Variac", enabling the eir speed to be varied up to 0«6 litres/
sece The suction motor was connected to the air filter by :
6 m. of flexibl~e rubber hose and 8 reservoir interposed between
the two to smooth out smoll changes in the rate of air flow,
caused by short-period verfiations in mains voltege. The purpose
of using the long length of hose was to enable the suction motor
to be moved down-wind of the filter, ensuring thst the sir g
expelled from the motor would not re-enter the filter, nor would -
the latter pick up any charges which might be generated at the ;
motor brushes. To eliminate varietions in air flow which might
arise from changses in wind speed, the motor outlet and filter
inlet were made to face in the same direction.
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For the measurement of the charge collected by the filter .
an EKCO Vibrating Reed Electrometer (VRE) Type N 572 was used,
To avoid pilezo-electric effects, the "Head Unit™ was bolted tc
the screening case of the filter and 2 direct rizid connection
was made from the collecting cglinder to the input terminal, ,
With the input resistor of 1012 ohms, the electrometer on its ¥
most sensitive rance has 2 sensitivity of 0°03 wir for a full- B
scale deflection,

After colibretion ond testing hed bein carried out in the
laboratory, the filter was mounted at F,A (Pg, 2C) at a distence
of 5 m. horizontally from the doutle <fiecld mills. The air
inlet was set facinz west at o height of 65 cm. shove the
ground; this made the highest point of the apperatus 80 cm.
sbove the ground., Applying Benndorf's criterics (see para, %
L+2), this apperatus affects the potential gradient ot the ]
double mills by less then 1%,
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12, Calibration end Testing.

For the purpose of recording the VRE output, a Nivoe
suspension type salvenometer waa set up to give a photographie
trace on the csmera, The yalvanometer was arranged to give a

full-gcale deflection of 12 cr. for s current to the VRE af
002 pue,

For testing, the filter was set up inside a small room,
with the suction motor outside, connected by the rubber hose to

the filter; this precluded any air airesdy sucked through from
being drawn into the filter again.

A 4" anemometer was mounted close to the filter inlet and
a calibration curve obtained of the air flow through the filter
against the settinr .of the Varlac, which controls the voltage
and hence the speed of the motor. The resulis, verified on
3> occasions, are shown in Fig,. 25,

After removing the anemometer, a test was then made to
relate the air flow and the VRE ouiput. To Lrovide a constant
space charge, 8 smouldering piece of string was placed in front
of a fan which produced a unifomly distributed smoke cloud in
the room; +the door was left slichtly open so that tiue concen-
tration of the smoke remcined constent. It was verified, by
5 minutes running at the same air flow and by repeating the
measurement 10 minutes later, thot the space chargec remained the
same, The linear variation of VRE output #ith air flow is
shown 1in F;g. 2¢, The corresponding space charge is
+ 110 WC/ -

In order to obtain 8 zero read.ag for the filter, the
suction motor was switched off and it was verified that this
agreed with the” VRE zero, - ’
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CHAPTER VIII, RESULTS IN FAIR WEATHER
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8.1, Introduction
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Foir wecther is defined us comprising periods during which
no precipitation re<ched the ground and during which the :
petentinl gradient remained within the range O - +400 v/m. i
Thic las* condition excludzd crses of mist and fog.

In meny ceses, the potenti=l gradient traces shcwed S
variationc corresnanding to 10 - 20 v/m in a few seconds, In o
toking values at minute intervals, the mean of such variations )
was taken, involvins & possible error of % 2 v/m, which would be .
much reduced on taking statistical averages. E

If Fy and Fp are the potential gradients at the upper and

lower mills respectively, then -the mean value of the space charge ,
. over the height range h is given by: ) ’

p T

This value ia referred to a8 P, 5 or ﬁ5_2, according as

the height of the upper mill is 3 m or 5 m_(nominally), thet of
the lower mill remaining at 4 m (nominelly). The actual
heights are 15 cm. lower than the nominal heights.

1

"L i

—x
I i o
L e .' T 2 9

In a.few cases, the space chrrge between the ground and
the lower mill was obtained, either by using potential gradient
values from the lower mill and the agsrimeter, or_by using both
the potential gradient and the potential of the lower mill.
These values are referred to as g 4, with the instruments w

referred to 1f necessary.

s
v

* 2
o3y 7

T

In discussing results, the actual records will not, in
general, be reproduced because of the difficulty of interpreting
them simply at sicht. Instead, the caleculated valucs of space -
charge are plotted, torether witi. the averare potential gradient .
close to the grouni, ootained from the baluncing potential of
the lower mill,

e A
L 4

2 Effects of Wind Speed and Direction.

e ] T e

In fair weather conditicns, unless the wind speed is
extremely low, space charges, even on small icns, are trens-
ported rmore by the wind thar by electrical effects. It 18
therefore reasonible to expect that the space charzes will
pass overhead with the wind veloeity cnd therefore that their
effects will increase in freauvency 2nd possibly also in
amplitude <ith increassing wind speed.
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Such effeets can be clearly seen by compering Fig. 27 and
Pig. 2€, which ser2 acturl records of two potential grzdient
tracess Fir. 27 was taken in fine sunny conditions with cleer
sky end a lisht -vestarly w#ind o:i' less than 1 m/sec., velocity.
On *t'e cther hand, Fis. 28 wes taken when £ certain smount of

cumulus cloud wus prescnt a2nd the wind specd was about 5 m/sece 5
The difference in rrequency 2nd amplitude of the fluctuations N
1s very spperent. Calculatinge the space charge verietions "
coerrespondit ¢ to thise fluctgetions, results gave for gig. 2?7 XN
. an aversce valu of 1C ppe/m? and for Fis. 28 L0 puc/m-, &{
Such fluctuzticns miy ~ive rise to Aiffercnces between the N
reaainss 2btained from different -pparatus 2 shert distance 2port, 2%
€srs the Ins.antancous reading of the acrimeter micht differ from A

that of the ficlé mills by 6 v/m,

Bt g

A total of six fair weather recordines was mede, five with
westerly winds 2nd one with wind from the north, Record V .
shows pert of the caze of the northerly wind =2nd Record XVI
8 typicel examrle of iesterly wind.,  Bo*h records, cover rourhly .
the same time ¢f der ard in toth cases the sky was cloudless,
For Record V, the everanre valuc of the srace gharge was
4+ 6699 .ue/md ard for ieenré XVI - 58.7 wue/m?. The explanation
of this rhencmenon is that Durhar City lies to the north of the
- site and the scurcc of the pesitive charpe is the smoke
- orizincting mainly from Acmestic fires.
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In the portiorn ¢ neccrd XVI shown, ond also less frequently
in Recerd V, thers ar:- fluctusticns in syace charce with corres-
yonding fluctvaticns i potentizl i-radient over periods cf one
or two rinutes, Over lonscr times, however, therc is not a
sirdilap srrcorent; for c¢zumple, kecord XVI shows a seneral
decrease in rpsce charie thile the potentiul cradient remsins -
generally the same, =nd in some euscs there is a "mirror imace
ef'feet tetween spoce charse sn¢ potuentinl rradiept for fluctua-
tions over lon.-cr 1-ricis, of the order of 10 mins, Five 30
shows the snelysic of tne record reproduced in Fiy, 27 and
11lustrutes the “~irrcer imasc" effect,

RS REE AR N7 &

;¥

N
AN e (AL

Y o
AR

.-v-._
e

X T A i Te2N

e

-

The "mirror fra~:" offect c2n L. seccountrnd for in terms
of charres jascin. stove the whele ~prsrgtus, It a positive
clorre pssces sbove th2 spparetus. then it produces gn incresse
ir potentisl credient 54 both mille, tut this incresse ia
sreater st the uri1er mili thar ¢4 the lower mill, 8o that there
is an apparent nomtive oreec charre between the mills; AT
this hed been 3 trae noees tive spece chare: betweon the nills,
then there woul: have teon o docrezse in the resding of the
lower mill,
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Usins 2ll the records in fair weather and plotting space
cheryre and potentisl wradient for 31l 10-rinute averazes, and
also averages for eech record, Fiie 31 is obtained, showing 8
general tendency fcr 3 decrease in space charge with an in-rease
in potertial radient, It i3 also to be noted that, exce, ; for
Record V, the sgace charre is found to be necsative and in the -

ease of Record V the rositive charge ic aseribed to wind direction.
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Bels, Lrfeet of Acdugtion Tactor.

The result, indiecsted bty *ir. 31, of = nerative srace cherye,
increasing with increa:ine potential seradfont, could be iecounted
for 85 a2 spurious effect {f tihe iwo mills had difrserent velues
of the “reduction facter", Such a difference mirht arise cvither
Trom ar. error in the culibrztion of one or other mill, or from a .
true difference in exposure, .

- Iy, relative te the wyper 7111, the Zower mill has 8 reduction

factor x, then :

<o

rived the true value of » , while :

I
133
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15 the value f1 indiczted ty neirlectin:s k.

- Thus 3
£ . : b
el s R (R-1P, e S 2
3!} L i‘f
rives & ctraizht line relctins o -rd F, ¥ith e nertive slepe, "
"siny the values from Fis, 21, %o ~.eccount for the line, :
R = %23 yould be resulred <nad the true v-1iae of £ would te .
190 upe/m”2. * Thil sould mok- the Lrue 2if% renee batwech FL and r

<

F 43 v/r, vhich 15 certairly incorrvet. Al-~ it is juite
firposcivle that R she:ila be sc pent s 1D, It ¢4n be con-
cluded ihat the relaticn tetiesn p£m3 F 12 not %a bl ~ccounted
for in terms of - reducticn “aetor.
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! 8,5, Effect ot Radiocactivity. £

i ;

f If the neguiive space charge between 1 and 3 metres is ﬁ

a8 real space charge, uot a spurious effect, and if it can be 2]

considered as secondary spoce charze, in the terms of the i

. definition of para. 2+1, then we can see from the resylts of "
para, 22 that it can be ascribed to the conductivity being ﬁ

AC greater at 1 m than at 3 m. It therefore remains to consider K
et how such a difference in conductivity might arise. g

- It has olready been pointed out (para. 2¢5) ths* the absence
Ei ' of the electrode ¢ffect may be associated with the effects of. E

radicactive substznces in the earth's cruste « and 8 rays
from these substances produce ionization close to the earth's

-y - surface and so give an incrensed conductivity, which is not I
i confined to the region in which the ions are procduced but which - g
. extends upwards; since the negetive ions, +hich move upwards in 3

the normal positive potential gradient, can appreciebly affeoct 4

thg conductivity only as long as they remain small ions, it
follows that the enhanced conductivity must fall off with
increasing height since the number of ions wvhich remain small
ions is less the farther they have to travel. Thus the effect
of radiocactivity is to give 2 contribution to the conductivity
which decreases from 41 m to 3 m. Under normal conditions, the
meen life of o sm21ll ion i{n the lower atmosphere is about .
4O seconds; thus, if the potentinl gradient 18 100 v/m, a smell
ion of mobility about 1+5 e.g.s8., units will, on the cverage
ravel 60 em. Thus a fraction of the ions will recach 85 em
the true level of the nominol "1 metre" ] but very few reach
285 em,  Further, it is clear that the rreoter is the potential
gradient the nreater 1s the avirame trovel of the ions and thus
the larger the fraction that reach 85 eme  We thus see that the
effcet of radioretivity can account quite sirply for the
reletion between space chorge in the repion 1-3 m and potentisl ;
gradient, as shown by Fig. 31. The result, from Fig, 331, that K
for zero potontial cradlient there would be 2 positive space -
cherge, suzpests that when {onization due to radiocactivity does E
¥
A

not recch the levels concerned, there is s "naturcl" positive
space charge,

The effect deseribed ord explained 2bove is £lso shown in
more detzil in Fir, 30, where the time logs of 2 minutes between
potenticl sredient mexima and spnee charge maximc are in agree-
ment with shut might be expected from the effect of rndio- R
activity. Record XII clso shows the szme cffect over the N
e2rlier pcrt of the record, Record XXXVIII shows negative ]
space charse for lower potentizl cradients than wyould be
expected from Fis, 31; this 1y be occounted for by the fact
that heavy rain, which fell prior to this rccordinz, will have
“washed out" larze ioms cnd nuclei end %11l therefore hove
increesed th.: nverage 1ife of smdll ioms,
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The argument ~bove, that the grenter the potentinl
gradient, the greater the negntive space charyge observed
from 1 to 3 metres, ¢ n be extended ‘to suggest that, at
the same time there will be 2 smtller negctive sprace chorge
from N to 1 metres. In the Record XXXVIII (afternoon A),
there 18 included the space charze below the lower mill
obtained by comparison of the potential gradients measured
by the lower mill and by the agrimeter. The expected
parallelism between the tracec is, in generasl, to be noticed.
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6 Coepn n_with Filtretion Resultis.

The air intake of the filtrrtion apparatus is at 65 o,

heizht, so, for a fair comgarison 1t would be necessary to
find the space cherpe 8t this level from the field mills,

W, If it can be assumed that the potential gradient changes E-

i fairly uniformly “rom the sround up to the lcvel of the lower ¥

o mill at 85 cm, then mrasuremcrs of the potentiasl of the lovevr £

mill gives ¢ value of the potentiasl grad‘ent at 425 cm; X

ok measurement of the potentinl pradient at the lower mill is N
. that at 85 cm, and so the space chorge from these two results + e

1s that centred about 63¢75 em. Therefore a comparison of
the results of the filtration apparatus can be compared fairly
with the value of spuce charge deduced from thé poteniial and
potential grodient ot the first mill, If, however, the
negative spoce caarge fecrcases with height, as would be
expected from the effcct of radiocactivity, then the results
from the mills should givc a srester nerative space charge
than.from the filtration epparatus,

Record XLIXI shows recults ir rood agreement with
expectation excert between 12¢13 =nd 12+36 where the filtration
apporatus shows lsge fluctuntions, However for the Record
)&xvnz (2fternoon B) thge sgrecment is far less gocd, giving
averages of 4+ 8L<1 puc/m? from the filtration apparatus and
=~ 549 upuc/mJ from ihe ‘measurcri2nts with the mill,

- ‘x..- "‘.'“ L)

Cnz of the disadrantceens of the filtrction method is the
possibility of seluctive filtering by reason of bound charges
on the exposed eu..¢ o' the filtur, In a pcsitive potential
gradient, the nerntive round churce on tue cose might repel
negative 1ons that # - § otherwise enter the filter and
attract extre pooitive ionu, <5i¢ hence produce &n apparent ,
positive space cterse, Thio cifeet aculd, be much more T s
evident witt sm.1l ions thun with laorge ions and micht only
become serious vhen condftions :re+ zuch thay srmll {ons are
exceptionally predoninunt, sucn 49s we have already suggested
to occur for Hccord XXXVIII when lsrge ions and nuclei have
been washed out.

EELR Y AT ST TR

e

: The agreement vetween the f£ield mill and filtration

results’ in cases such as Record ALII sufficcs to show that

the field mills do, in fect, give the space charge and that

there is no seriocus error in the assumption thet the lines

of force are verttcal at the mills, /
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CHAPTER IX RESULTS IN DISTUREED WEATHER,

m

Qed, Generasl Results in Rain.

PR
IR

T

Results have been obtained under various conditions of
v24u; the first important conclusion is that abnormally large
values of the space charge between 1 and 5 m {i.,e, values much
larger then in fine weather] do not occur for ligcht or medium
rain, It appears to reguire a rate of rainfall of over
0+4 my/min to produce such effects, presimably by splashing
at the 2artan's surface; 1t may well be that the critical rate
of rainfsll depends on the state of the ground, An exsmple
of results in moderate rain _no rate of rainrall ewailable
1s shown in Record XXII, If, however, measurements are made
of the space charre below 1 m, then large values are found
with rates of rainfall over cbout 0.06 mm/min, & vslue again
pertaps depending on the state of the grounds The result
that the preduction of space charge by splashing depends on the
rate of rainfall is in agreement with results of Adkins (1958).
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Smith (1955) put formrd the idea that the nesative E:
potential gradient usually found during continuous rain might o
arise from negative charges mroduced by splashing and subsequent- t&
ly diffusing upwvards, The present recults show that this theory Lo
is not tenable for light or moderate rain. W

The earlier part of Record XXXVIII - morningy A, in which Ei
the rate of rainfall never exceeded -02 mm/min, gave the e
following averagc results from 10+20 to 10+50: . b

FFA 3 - 470 WC/ms L~ ;t:::
3
/b-‘l s =~ 109 puc/m ::‘.
Fg = = 162 V/lﬂ F"ﬂ"
1 = + 567 wa/o’ i
r = 0+006 nm/min. :::}:
T
Here the discrepancy beiween A, &nd P gives & creater

nerative value for A,, but, since the potentisl gradient was

negative, the same expianation as in para, 6+6 may hold, with
reversed signs, .

SR )

The space charpe of the actual rain ca’ be estimated 1if
s average drop sreed ¢an be assumed; if t..3is 3 cn/sec,
then p R > +1 89 puc/m2, which 1s very small compared with pFA‘
For greater precision, a result of Best (1950) can be used:

‘w = cIf
where W i3 th2 lijguid water in mm%/m5, T 45 the rate of rainfall
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in m/he &nd C i¢ a constant equal to 67; r = 0¢846,
From this one can obtains

i p = 1 *4

where 1 1s the rain currens,

With the figures above, Pp = +1+6 uuc/mj.

-2, Results in Heavy Rain. .

Record XXXVIII - morning (on two diagrams to avoid
confusion) shows a period during which there was heavy rain,
In additicn to resclts with the field mills, observations at '
the sa?g time are also available =7 rain current and rate of -.
rainfall. o

Although, betw=e8% 1405 and 1110, rate of rainfall,
rain current and space charges reached their maximum values, e
the potential gradient remsined fairly small, At ¢ to 5 "
metres, the space charge never exceeded values that exist in "
fair weather conditions, but belcw 1 metre both the filtration -
apfaratus and the results from the field mill showed large % .
values. -

In order to explain these results, {t can be assumed that

the rein, on reaching the ground, produces negative ions by
splashing. Whereas sors of these negative icns are drawn into
the ground by the négative potential gradient, there are some
which diffuse upvwards to heights of less than 1 m. The rain
current is tnen positive by reason of the splashing process,
and one cannot be certain what charge was originally 03 the
rain; even if the whole rain current of about 20 uuo/m< were
on the fslling rain, this, falling a% a few metrcs/sec., would
only give a space cﬁavge of 10 mue/m? or less, quite
inappreciabie comparrd with the space charge of the ions,.
8ince the potential gradient is negative, the filtration

a Belectively attract towsrds i4321f negative ions, giving en
explanation of the larger walues obtained by the filtration
apparatus, The production of a negetive space charge with
the potential gradient negative 48 in contradiction to the -
results of Adkins (41958) who found the charge *o be opposite M
in sign to the poterntial gradient; on the other handg, the )
production of negntive space charge is in agreement with the -
early results of Lenard %1892)o
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36.

Record XV 4is that of a shower, with heavy raing
unfortunately, neither thc rain current nor the rate of
rainfall was being measured, but it was estimated that the
rate of rainfall was from 0¢2 to O3 mm/min., at its heaviest,
around 1010, The maximum negative values of space charge
and potential gradient did not appear until several minutes
after the greatest rate of rainfall, and, again, t:oth were
negctive, S8ince the potential sradient at 1 m, remained in
the region of - 30 v/m, the chenge in potentisl gradient at
the ground is due entirely to the space charge below 1 1,

An interesting feature or this record is tnat after 1020,
when the raein hed completely ceased, the potential gradient

at the ground became positive, but & negative space chargo-
now appeared at 1 - 3 m; this, rresumably, was some of the
charge previously below 1m and now moving upwards by diffusion.
and in the field,

9-3, Results in Snow,

Record XIX A and B is typical of results in snow, with
heavy snowfall up to 12¢C0 and ceasing completely by 1210,
The heaviest snowfall occurred st times correspondinz to peeks
in the records, at 1055, 1110, 11+24 and 11-44; unfortunately
some of these coincided with sccidental breaks in some of the
records |repcir of mill ~*ivinz belt, reloading of cameral.

The negative space charge found is comparable xith that in
heavy rain; however, since the snow cairies a nerative charge
and Talls slowly, it may well be that some of thc space charge
is that on the snow itself, If 4t is agsumed that tle snow
falls at a rate of 0:2 m/sec, thep, at about 4110, when the
enow current was about - 60 upug/m<, thec apnee chsrge on the
snow would only be - 300 nuc/m?, while the total srste charge
amount3 to - LOO puc/m>; at other timee, th~ Jiscrspancy is
greater, showing that often there must be nuystive spcce charge
other than on the precipitation; this iam oopaniuliy true at
the end of the snowfall at 1200 hours, -

The results micht be explained if the snow contains small,
neratively charged, particles Wuich Tall vory slowly and s¢
give on oppreciable space charye, This would acree with the
persistence of negative space charge wfter the ¢nd of the
snowfall, but not so vell with the coincidence in time of the
maxima of snow current and space charge ot 11+10 and 1145,

The rise of space charge to positive vilues 2fter the snow
current maxima might be accounted for by positive charges
liderated by the impact of the snow on the ground and diffusing

upwards,

TTETRY, L e

e s,

PANEYY




Y

|

TR

Sa
-

A TR

T atea

-

.

Sawav
.

W T e e

cmNaRaldudT AT BNRADIT o

W o 2

v ’
s .\,.-“

RES RPR R AR AN

- 2. M

. >
| . —
* .
'™
L L)
i e o
’ )
| t
I SR, U .
‘ * M - .m > —T .

a W
)

L

»'
v

3




2 . PR P - DL AT N . ] v ST P PPN S LU P o S S G MR N P T P e S T
. . PR v AR A . . . . . s x R B . . T AT 3
o e | Vo PP Jo T Te te e oy .4 PO o ey [P RN RIS THY sl uhl S S T R S Nt L t B RO 1 .. o P R AR s i
.

YR I PN

R O TR
20
£0
-
4
]
L J
” 4..
346
.
40
-3
e i a4 4
2 L A N

<o

L
[
¥

e ®

lcluls i

A PL

PPN S TRETS TR TR PP
8.z @
4
i
FAL!
L] N .
IR
o le
200 10

5o
Recond X1

A
]
[}
—“l T8 Mmees

40

3 P S A N L L R S N e N e e e e T e L A T
.. . ALt - IR PR L

1400
4 Jeog

+100 f

Qrrtcnd

0d

+ Wi
A
¢
1>~;‘0.‘.
N30 »
AT B 2 DISW IS AU LTDO0

+40

MR T T

-

Y Al
-
. e A P = Pt -
.

{
i
4
1
'
.

M N S




- Rl Tl Rall Pl ik “Sial
R - L W, E S E TR T AT AT RN R ST
Bl i i R PR Rt A AN R AR SRl R R R A >
. —~ - e T W ST W] FAE A A NI Al Fal P P

r_-;g—m;-.;wv.:"',.".:: ':_".':_'.1“.3 R N e T

SRR

the morning portion of the record (broken in two places by

the need for belt repairs) is of the scme type as the previous
; record. ' But in the afternoon, conditions are different;
. at first, there is8 a positive snow current and ¢ negative
1 gotenttal gradient with negative space chargec at 1 - 3 m;

ater, for a while, we have the normal enow conditions of

' negetive currcnt and positive potential gradient, but a

positive space charge; in the last period, sll three quantities

are positive. It is aifficult to give a satisfactory explana-
tion of the phenomera,
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: Record XVIII gives another example of snow results; f-
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Ho fog or very thick mist occurred in Durhsm during the .
period when the apparatus was in operation, bur Record XIII .
shows results obtoined during a wet mist with visibili.y abeout o
20 yards. The general result in the later part of the record, 2y
showing positive space charge and negative potential gredient;
this may te the same effect as that

ound in fair weather ond T
escribed to radioactivity isee para, 8:5), but with reversed

sign, The conductivity in mist is lower than in clear air,
because the small ions attach themselves readily to the water
dropleta, hence the time lags between changes in potential

gradient and changes in spnace charge are longer, cnd this is
enhanced by the low potentinl gradient,
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X CONCLUS

s - 10-1, _ Regulte Achieved.

* The most important result achieved i3 that it has bdeen
found possible to use a double field mill as a collector,
which attains the potential of its surroundings, as does sny
ordinary collector., The double field mill does more than
this, it not only rives a record of the potential at its
xosition, i1t also gives recordings for the potential gradient.
) s compared with, for exsmple, a radicactive collector, ihe

' double field mili does not disturb the electrical oonditionl
in its neighbourhood, ‘
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The use of two double field mills to give the space
charge in a region is an advance on other potential gradient
methods, since there is no disturbance of natural electricsl
conditions. The method of measuring space charge from
potential gradignts canrnot be as sensitive as other methods,
since i1t depends upon the rather smsll difference of two
potential gradients, but, as the present work has shown, there
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seem to be inaccuracies in apparatus, such r.8 the filtration Ly
apparatus used, when small ions are present in quantity. E{Q

The actaal records discussed must be considered to be Just hi
a preliminsry sample of what could be obtained if the apparatus :
were put into use, with some of the improvements to be .“‘ozested, -
for & period of years, With an extensive series of resulvs, e
it might be posaible ‘o confirm or disprove some of the A
explanations suggerted hcre, e

Y
.4 %

3% S

-

10:2, __Improvements to Apparatys.

-

. Some improvement in the Ariving belts is necessary; the
plastic belts snapped, on an average, every two hours, : L
leather belt might be an improvement, but might stretch and e
might be too highly conducting in wet weather,

A pulley arrangement for more repid aslteration of heights o
would be an sdvantage,

The manual reversal of the mill potential whenever the
potential gradient changes sign is unsatisfactory, and it R
should not be too difficult to arrange sn sutomatic device £l
which would reverse the slide voltage when the slide was driven .
to zero and remasired there for, say, 30 seconds, ol
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40. Future Devel °

In addition to the continuation of recordimzs on the
same basis as reported here, the use of a double field mill -
to bring apparatus to the potential of its surroundings can
have other applications in atmospheric electricity.

One of the interesting possibilities is th=t of the
measurement of both polar components of the air-earth current
at levele abave the crourd, If +wo horizontal wlstes are set
up, Separated by a thin sheet of insulating materisl, and put,
by 8 double field mill at the potential of their surroundings,
then each rlate will receive gne polar component of the air-
earth current, and this can be measured. The effects or
potential gradient changes could be eliminated or corrected for,

Another possibility would be to use the double field mill
to bring to the potential of its surroundings such conductors
as the outer casing of the filtraticn spparatus @escribed in
Chapter VII, end thus remove the surface charges which give rise
to the selective riltering discussed in para, &«6, ,
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